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L' invention conocme un proceed ct un diipotiuf pour tuber un puib, notimmcnt un puits dc forage patrol icr. ou une canalisation, au 
moyen d'unc preYorme tubulsire toupk, dureissabk In suit, avee introduction dc U prcTcrme dam lc puits ou dins U canalisation a r<ui 
longiwdinakment icpltd. puis depliement par fonftage hydraulique dc U prfforme ct application dc aa ptroi con&c cdlc du puiu ou dc la 
canalisation, ct enfin durcijjement dc la prtfonnc Conformcmcnt I rinvtnooo. b prfforme (S) est inserfc dim un founcau tmoviblc (6) 
qui est rigide ou semi-rijide en direction longitudinale. maii est dtfotmable radialetnent ct la misc en place de U pctTormc dans lc puiu 
ou la canalisation sc fait alon qu'clle est contenue dans son founxau (6). ce dernier cant separf dc la prtforme ct retirf du puiu ou dc U 
ccuJisarioo en fin d'opention. Tubagc des puiu ct des canalisations, meme fortcmcnt devics. noarement dans findustric petroiien:. 
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P ^ C P E .?, E T , E L DISP0SIT,F P ° UR TUBER UN PUITS ' NOTAMMENT 
PU,TS FORAGE PETROLIER, OU UNE CANALISATION 
AU MOYEN D'UNE PREFORME TUBULAIRE SOUPLE, ' 
DURCISSABLE IN SITU 

La pr&ente invention conccme un procdde pour tuber un puis, notammem 
un pu,B de forage pettier, ou une canalisation, telle ou'un gazoduc ou un olfoduc par 
exemple. au moyen d'une preforme tubulaire souple. durcissable in situ, par exemple 
thermodurcissable. y scrapie 

ocuvrec epro< ir Cnti0n de mc "" « 

J^'ap^ntedescripuon.etd^ 
lemie tuber . acuonde consolider u„ pu*. ou une canalisation, notammem en vueTe. a 
Kparer. en en revitant la paroi d'un tube rigide. encore appele tubage ou ch^isa.e 

Par le terme "preTcrme" on entendra une structure tubulaire qui est 
.n.Ualement soup.e et dcfonnable e, qui. une fois plac* dans .a zone du puits a consoli- 
dcr. est m.se en forme cylindrique. appliquee contre la pan>i du puits ou de .a cana.isa- 
.on, pu,s durce pour se lier inumement et a demeur* a cette paroi. constituan, ainsi ,e 
tubageouchemisage. 

^>'<"bagcd'unpuiude forage pctro^^ 

«.o s SIm , atres. „ a deja etc propose des prefom.es tubu.aires souple, durcisLb.es 

dcsunees a etre mises en place a Peta, replid longitudinalement - etat dans leque. eUcs" 

possedcn. un encombrement radial faiblc - puis a ettc depliees tadia.ement. par ap p lica . 

uon d un gonflagc hvdraulique intense. Se.on cette technique, qui es, notammen, Lte 
dan les d ra . A . 2 ^ 2a? a ^ ^ mi ^ prtfonne 

2£ZT u 0 unc fom,c s,nc,cmcw cy,indri<,ue - de 

Un autre type de preforme connu. qui fait notamment Pobjet de la 
demande de breve. Internationale W0-94/25655. au nom de la demanderesse possedc 
one structure tubulaire qui comprend un , rc ssage de m*ches souple, compTesl 
fibres, qu, s entrccoisent avec un cenain jeu. de sorte que la structure pc U! sexpanscr 
rad,a.emen, tout en se restreignant en direction axiale sous Peffet de Paction d'unc 
suipressionaPintcrieurdelaprtfonne. <°naunc 

d' a ho H reXPanSj ° n ^ 13 Prtf0nnC Pem X fairC C " deux ^"sives 

abord par dephemen, puis par expansion radiale : on obtien, ainsi un degre dcx- 
pans,on nettement supcrieur a ceux obtenus avee les prefonnes souples menuonnees plus 
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souhaitee, cn la faisant traverser des ouvenures de faible dimension, par exemplc des 
conduits rigides deja en place dans le puits, ayanl un plus petit diamelre interieur. 

Cctte technique connue est ires inteTcssante, dans la mcsurc ou die permei 
de boucher des perforations apparaissant dans un puits de production, sans qu*il faille 
5 retirer le tubage deja en place, et par consequent sans M tuer le puits**. 

II est appam neanmoins des difficultes pour metire en oeuvre cette 
technique lorsque le puits est fonement devie, c'est-a-dire possedc un axe formant un 
angle e*lev£ par rapport a la verttcale. voire est horizontal. 

En effet, lorsque le puits est vertical, ou sensiblement vertical, la preTorme 
10 est naturcllcment rcculignc (sous reflet de la gravity et die descend regulierement dans le 
puiis au cours de sa misc en place. Toutefois. elle risque d'etre endommagee par suite des 
frottements centre les parois du puits ou les diffeTentes restrictions se trouvant sur son 
passage. 

En outre, si le puits est devie\ ou presente des coudes, ta preTo<>w 
15 deTorme cn raison de sa souplesse, et se positionne incorrectement dans Taxe du puits. ce 
qui provoque des frotiements, voire des risques de blocage au cours de son enfoncemenL 

La mise en place de la preTorme dans un puits fortement devie ou 
horizontal est done delicate, et mcmc impossible dans certaines configurations. 

L'invenlion vise a rtsoudrc ce probleme, en proposant un proedde* de 
20 tubage d'un puits ou d*une canalisation au moyen d'une preTorme tubulaire souplc. 
durcissable in situ, qui puisse egalement s'appliquer sans problemes a des puits ou des 
canalisations non verticaux ou ayant une surface intcrieure risquant d'endommagcr la 
preTorme. 

Comme dans les proce^Jes connus. on introduit la preTorme dans le puits 
25 ou la canalisation a Petal longitudinalcment replied puis - lorsqu'elle y a e*le correctement 
posiuonnee - on la deplie par gonflage hydraulique pour lui donner une forme sensible- 
ment cylindrique. on I'applique centre la paroi du putts ou de la canalisation, et on 
provoque le durcissement de sa paroi. 

Le proc&M qui fait Tobjei de ('invention est remarquablc par le fait 
30 qu'avant d'introduire la preTorme dans le puits ou la canalisation, on I'insere (pro\ isoire- 
ment) dans un fourreau amovible, qui est rigide ou semi-rigide en direction longitudinalc, 
mais est deTormable radialement, et qu'on met cn place dans le puits ou la canalisation la 
preTorme contenue dans son fourreau, ce dernier 6tant ensuite - en cours d*operation - 
separe' de la preTorme puis - cn fin d'operation -, retire* du puits ou de la canalisation. 
35 . La preTorme se trouve done prisonniere du fourreau, et soutenue par lui, 

durant toute la phase de sa descente dans le puits ou la canalisation. Ainsi cette desccntc 
se fait sans difficultes. mcmc si le puits ou la canalisation est fortement devie. voire 
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honzomal. ou presente unc surface de paroi risquani d'ablmer la prfformc. De preference 
le fourreau pr&ente une cenaine flexibi.ite. qui autorise des parcours courbes ou coudes 

5 ^ u ^ ,e " C ^ S °" ***** ,ibrC reSSOrte de ce,ui ' ci ™ ™ cena,ne 

a ^ " C3S ' ^ U " PrcmlCr tCmpS ° n d<P ' ie uniquemen. la 

pomon de preforme qui depasse du fourreau. et on .'applique conue la paroi du puits ou 
de a canahsation pour obteoir une zone d'ancrage. apres quoi on extrai, le fourreau par 
traction vers I 'arriere (e'est-a-dirc vers la sortie du puits). 

10 d. Dliem , ^P^^W'^P^i^mentbien a une preforme qui. apres 
bl™ 

Dans ce cas. la desolidarisa.ion de la preforme par rapport au fourreau 
s opere avantageusentent par suite du dep.iemen, radial de la poruor, Ue pre{ome 
•5 oontenue dans le fourreau. apres quoi s'operent successivemen, ,e retrai, du fou^Te 
1 expans<on radiale de cette meme portion. 

^invention concerne egalemcnt un dispositif pour tuber un puns 
ot^ment un puits de fora ge peuol.er. ou une canalisation, au moyen d'une preLe 
0 S T' " ^ ~ « hennod -- a ^ ia^M. cette preforme etant 

long,tud,nale m entetun<taidepliesensiblementcylindrique. 

nose dc . a n ,r ^ diSPO$itif ^ rCmarq,,ab,e l» le fail « u ^porte un equipment de 
P°s .de l a preforme. monte a 1 -extremi.e d'une tige de commande tubu.airedestinccaetrc 

. ~r ,e pui,s °" ,a cana,isati ° n depuis - - * - 

a) un outillage de pose et de contrdle portant la preforme. ap.c a foumir a 
*bZ 6 * hydraU ' iqUC S ° US Pre$Si ° n * - e, ,e l 

b) un fourreau amovible solidaire de I'extremite de la tige. a lintericur 

d «oon longuud.nale. mais es, deformab.e radialemen, de sone qu'i. peutetreretimde.a 
prcrorme lorsquc celled se trouve a I \ftat deplie. 

Par ^ ,,cm -« ,onun «^nnombredeca ra cteristiquesadditionnel^ 
avantageuses, non limilatives dc I invention : 

- lc fourreau amovible est un tube fendu. apte a s ouvrir pour iibercr la 
preforme aucoursde son deplicment ; 
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- la preYorme est solidairt d'un manchon int^ricurarrachablc. radialement 
expansible par gonflage hydraulique. a Tint^ricur duquel est introduit le itquide hydrauli- 
que fourni par Pouullage de pose el de contrile et servant a dCplier la preforme. ce 
manchon <<tant degonn* et s*pare* de la preTorme, en fin d'operation. puis retirt du puits 
ou dc la canalisation en meme temps que I'ouullage et le fourreau ; 

- la preforme est thermodurcissabte et, son chauffage est rtalise' par effet 
Joule, par rintcrm&iiaire d'un cfible electrique deTormable, ce dernier dtant stock* sous 
un faible encombrement dans une douille qui est interpose entre Textrtmit^ de la uge de 
commande et 1 'ouullage et est solidaire dudit fourreau amovibie ; 

- ce cable a une longueur sensiblemenl <gale & celle de la preTorme mise en 
place ; 

- la preTorme est deniable et radialement extensible ; 

- la preTorme comprend un tressage de meches souples s'emrecroisant 
avec un certain jeu. de telle sone qu'elle peut s'expanser fihfcitene&i iom en * rescrci- 

15 gnant en direction axialc, le matenau constitmif de la preTorme dtant une resine polymcrisa- 
ble a chaud. dans laquelle est noy6 ledit tressage ; 

- le manchon inlCrieur arrachable, radialement expansible, comprend 
egalemeni (comme la preTorme) un tressage de meches souples entrecroise*es aptes a 
s cxpanser radialement tout en se restreignant en direction axi&Ie, et qui sont emprison- 

20 nees cntre des peaux inleneure et exterieure souples, cenaines desditcs meches £tant 
remplacees par des fils conducleurs d'elcctricite*, aptes a chauffer la preforme par effei 
Joule, qui sont connected electriquement audit cable. 

D'autres caractcnstiques et avantages de Invention apparaitront dc la 
description et des dessins annexes qui en reprfsentent un mode de realisation preferenliel. 

25 Sur les figures : 

- la figure 1 est une vue generate schematiquc d'unc installation dc tubagc 
mettant en oeuvrc le proc&ie* de ('invention ; 

• la figure 2 est une vue g£nCrale, partiellement coupCe. dc requipementde 
pose dc la preforme; 

30 ' la fi * u re 3 represente un tressage de mfeches souples enlrccroisees. 

constitutes de la struciure de la preTorme ct du munchon qui scri a J expansion de la 
preforme ; 

* la figure 4 est une coupe transversale schemauquc du manchon et dc la 
preforme ire'utlongitudinalement replies : 

35 * ,a ft e ure 4A « u "c vue analogue i la figure 4. repentant Tensemble a 

retatdeplie; 
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- la figure 4B est one vue analogue au.x figures 4 et 4A . 
rensemblearetatdeplieetradialememexpanse: «Pr«entam 

re„se mN " ' a / ig 7 5 e « coupe longitudinale do 

I en ^W«o«u«ueparlaprefor m ee,sonma n cho„in«erieurarrachable- 

passe de I etat replie a Petal cvlindrique. 9 ' C 

Installation de cubage, gencralement designee par la referent , 
comprend. de maniere connue. u„e tete de nuits n „„. , 7 • reference |. 

L'exirtmil* librc dc la tigc de commande 13 est noun-i.^ h-„ - 

mise en place dans lepuiu pour leconsolider. csunecaeire 
q U 'ellcem OU r. U ^ r °™? 8eSt ^ 

qu cllc entoure. comme cela est deja connu par le WO-94/25655 d** . 

"-'noninteneur^ 

L "ensemble 7 est enserrc dans le fourreau 6 et retem, M , r 



Cci ensemble 7 csi obture" a vc #.rtr*«,;.^ 

bouchon 92 toume vers l arriere r V *" 9 ~ U 

"me vers I amere. c est-a-d.re vers la sortie du pu.ts. m travcrsd par „„ 
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conduit 30 qui Ic relic a I 'ou ullage 3. Cc dernier comprend des moyens aptes a refouler a 
rint^neur du manchon, via le conduit 30, un fluide sous-pression foumi au disposilif 
depuis la surface, c esi-a-dire depuis la tete de puiis 12 au moyen dc la ligc de commande 
tubulaire 13, ou par pompagc du liquide du puits grace a un disposilif de pompage 

5 contenudans rouiillagc3. 

Par ailleurs, rinstallation comprend un cable electrique 5, qui passe dans 
la tige tubulaire 13. ct est connectee electriquement a I 'ouullage 3, par rintermddiaire d un 
cSble souple 50. Ce dernier est enroule* ou replied sur lui-mcme, pour presenter un faible 
encombrcment, et il est log* dans unc cavitc* formant receptacle prcAiie dans la douille 4. 

0 Les cables 5 et 50 servent a alimentcr en *lectricite\ via Pouullage 3, 

Tensemble preTorme - manchon expanseur inte*rieur, afin d'y generer par effet Joule la 
chaleur necessaire au durcissement de la paroi de la preTorme, comme cela sera cxpliquC 
plus loin, ainsi qu'a fournir l'*nergie de pompage de Touiillage 3 et d'alimenter tous les 
systemes de control e necessaires equipant cct outillage. 

5 Bien entendu. le courant electrique est fourni depuis la surface, a panir 

d'un gen£ratcur situd a rextdrieur du puits, relie* au cable 5 apres sa sortie du disposiuf 
10. 

Comme on Ic voit sur la figure 2. Tensemble 7 consume par le manchon 9 
ct la preTorme 8 n'est pas compleiement insure* a Pinte*rieur du fdUrreau 6. 
0 On a designe par !a reference 71 la portion de cct ensemble qui se trouve a 

I'inte-rieur du fourrcau, et par la reTdrence 70 la portion d^passante. exteneure au 
fourreau. 

La panic exte'rieure a unc longueur Lo sensiblement plus petite que la 
longueur L, dc la panie interieure 71. A eel Cgard, il convient de remarquer que cette 
5 panie 7 1 a eTC raccourcie artindcllement sur Ic dessin (figure 2), pour nc pas en affectcr la 
lisibtlitc. 

A litre indicauf, la longueur Lo est dc Tordre de lm. la longueur Lj de 
Tordre de 10 a 30m. et la longueur L 2 , qui correspond au rcste de Te'quipcmeni (douille 
4 et ouullagc 3), del 'ordre dc 4m. 

5 Comme on le voit sur la figure 11. le fourreau 6 est une envcloppc 

tubulaire cylindrique fendue, c*est-a-dire incompletement fcrmee. Cctte envcloppc, 
rdalisec par exemple en me*tal ou en matierc plastique, possede une certaine rigidite 
longtludinalc. mais est facilctnent de*formable radialcment dans le sens de son ouvenure, 
comme on le comprend ais^rnent a la simple comparaison des figures 11 ct 11 A. 

5 Dans une variante, on pourrait relier les bords en regard de la fente dc 

Tenvcloppe par des attaches pouvant se romprc facilement au-dcla d'un certain seuil de 
prcssion interne. 
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en ng.d.fian, convenab.emen, I "ensemble 7 cn direction „iale. d e suivre desljec^ 
non rec t .I,gnc$ (coudes ci courbes). par deformation laterale. 

Dans I'excmplc illus.re aux figures 3 a 6. la preforme 8 e, | e manchon 
5 tntcneur 9 posseden, lous dcux une stnlcturc ^ ^ 

souples entrecro.sces tel quc celui decri, dans le document WO-94/25655 precite 

Au besoin on pourra se reporter a celte publication, dont on considerera 
quellefa.tpart.ede.apr^ntedescnpuonpourrinterpreuuondel^ 
al.nea.duCodedelaProprietelntellectuelle. ' 

10 rename, , H^" "Pf*™- 4 ,a fi * u * 3. «« leches souples sent 

rcparties en dcux senes 700a et 700b entrela^* r~~. . 
dcfotmable. cntrelac^es. formam une structure tubulaire 

La structure peut etre repliee longitudinalement, puis - sous reffet d'une 
pressron interne - etre "mise au rond" e'est-a-dire contort 

~na . c est a-dire conformee cn eyuujm par depliemem. 

C CSt CnSUite S ° UmiSC 4 une «*«*>" i*«ne plus elevfc. on observe 
expansion radiale ct un raccourcissement longitudinal de la structure. 

Us meches souples son. formees dc fibres ayam une bonne resistance 
mccantouc a ,a tmction. par cxcmple de fibres de carbone ou de verre. et jouetleTe 

reo.ie.o , h , * " " rcp ^ enten,res »^vemcn« .'ensemble 7, 1'cui 

II; 8 ^ - — — — c faible. ce mcmc 

reference T - a I eta, rad.alement expanse, de diametre D 2 sensib.emen. supcrieur a D, 
D co™, . diametre et I 'expansibility radiale de la prdforme sont choisis pour oue 
^correspondeau diametre de la zone a tuber. 

Comme le montrent les figures 5 et 6. la preforme tubulaire souole 8 
possede une patoi 82. en matiere initialemen, fiuide. dans laouelle sont I I de 
structures tubulaires conccntriques tressees 700. L* matierfluide es 

Uiermodurcissablc par polarisation a chaud. La pr,formT e « 

■2ST nCUrC ^ Pr&entan ' ^ ^ — — * <*— - 80^ e, dc 
rehefs 802 q u, favonsent son ancrage conu. la paroi du puits et amcliorent I 'cuncheite 

94^5655 dei , c t manCh ° n in, ' rieUr artaChable * " ma,rice " « WO- 
94/^655de j ac,«e.pos SM e„nepea„i„«eneure91 et une peau exteneure 90 tou.es deux 

700. L .mcrfaceentre.apcauextentedumanchonet.apotoi i„teneure9, de ,a prcfonne 
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8 est iraitl. par cxcmplc par ehduction dc silicone, pour qu'il y ait pcu d 'adherence entrc 
ces deux parties. 

La prcforme 8 entoure inumement le manchon inteneur 9 qui. comme deja 
dit. est obtur^ a ses deux cxtremites. dc maniere tranche, par des bouchons 92. Le 
5 manchon 9 est fixe' a la preTormc 8 au moyen de manchettes d'extremite' 93. qui 
possedent des zones affaiblies 94. suscepuWes de se rompre facilement L' introduction 
d'un fluide hydraulique a I'inteTieur du manchon. en vue de son gonftage et - correlative- 
mcnt du gonflage de la prcforme - se fait, comme deja dtl % par une tubulure 30 qui 
de*bouche dans le manchon et une ou plusieurs ouvertures 300 de passage du fluide. 
10 L'outillagc 3 comporte une ou plusieurs vannes appropriees. pouvant etre 

commandees depuis la surface, permettanl d'effectuer le gonflage et le ddgonflage du 
manchon, en contr61ant la pression durant roperation, ou un dispositif de pom page 
realisant la mcmc fonctton au moyen du liquide du puits. 

Certaines des meches 700 du manchon sont remplacfe; par des co.\duc- 
15 teurs e'lectriques (fils chauffants) relief dectriquemeM au cSble 50. Ainsi. le chauffage du 
manchon inie'rieur et, corretativemenl, de la prcforme peut etre commande aussi depuis la 
surface, par alimentation llectrique des cSbles 5 el 50. 

Nous allons maintenant decrire une operation de mise en place de la 
preforme 8 dans une zone C du puits. 
-0 L'enscmble 7 form£ par la preTormc et le manchon se trouve a Telat repli£ 

longitudinalcment. lei que celui represent* aux figures 4 el 1 1. Dans cet e*tat. il s'inscrit 
dans un cylindre de diametre D 0 correspondanl sensiblement au diametre intdrieur de 
Tcnvcloppe fendue 6 (voir figure 1 1). 

Ce diametre D 0 est plus petit que le diametre des differents conduits ou 
25 autrcs restrictions R situes dans le puits, en arriere de la zone a tuber. 

Comme deja dit, seule une partie dc longueur requite, en I 'occurrence la 
panic 70. de ('ensemble 7 dlpasse du fourreau 6. Par consequent, la preTorme est 
soutenuc sur la plus grande partie de sa longueur et posstdc (avec son fourreau) unc 
rigiditc suffisante pour autoriser sa progression reguliere a t'tmerieur du puits, meme si 
30 eclui-ci est lotalement ou en partie devie\ 

La tele de pose 2, el la preTorme, vont done etre poussees par la tige de 
commande 13 dans le puils, et s'y enfoncer progressivement. comme cela est symbolise' 
par la fleche F aux figures 7 et 8. La ligc creuse 13. de preTeVence en acier, possede une 
bonne rigidite axialc, qui lui permei de pousser sans probleme la tetc 2 dans le puits. 
35 Neanmoins elle est suffisammcnt flexible pour suivre les coudes ou autres courbures du 
puits. 
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La parol du puis ou de la canajisaaor, c prt*„, t „ „« 
a-dire par la prcforme polymensee. 

Onossed-enfoncerlaatc 2 dans le puits .lorsque la panic depassame70 
5 arnve juste au-dela des covertures O. position q ui correspond a cel.e illustreTat figure 

f . m ° yenS de comrolc *PPr°pries. connus en soi. sont prevus. qui 
pennettentdei^Bcrcebonpositionneoient. S 
Pargonflagehydraulique interne . la partie depassante 70. « cette parte 

ESS ,OUt d ' ab0fd n,i$C " rond ' P " iS P- prendre 

d ia meircD 2 .quicorrespondaudia m etrein«rieurdupuiis. 

Different* moyens peuvem etre prevus pour que le depliemenl e« 
!ex P ans,onr a dialesefasse„«priori«ai rc rne„tsurlaponion70. 

Ainsi. par exemple. il est possible d'entourer la parue It m des liens 
.5 a„„u,a,res don, ,a resistance tnecanique es, suffisante pour onpelr k 

cette poruon sous I 'action d'une pression interne m oderee. mais toutefois suffisa" ' u 
provoquer la deformation de la portion libre 70. ^ 

avanl . t °" ° bUent ainsi Un ancra « e de '* Portion 70 contre la paroi du puits en 
avam des perforations O (voir figure 9). ■ 

an„ ul3 .r L mentaU ° n ^ U PreSSi °" dC * 0nna « c P rov oq" c ™Pt«re des liens 
ann U .a,res assuran, la contention de ,a portion 7,. Ainsi. on obtient un deplietnent radTa 

> on r ^ SUitC ^ CC <Wpliemem ' ,e fo "rr«u fendu 6 s'ouvre c« prend unc 

» ^»'W0«enfonneg6^ed e U,^6«cee6-»langurellA. 

II reste soUdaire. par son extremity arriere. de la douille 4. 

Dans cette configuration, le fourreau est facilcment extractible e, oeut 

£ ,a ^<^ngurel2s^^ 

du foorreau ,!t ,e " Si ° n COmP " ,C ^ *" 50 COrreSp °" d aU re,rail «>mple, 

tubage. Le KUm se fai, faci.emen, car la prcTorme est ancree dans le puits 

Une fois que le fourreau deformc 6' a ele complement retire de la 
r m rYr gmCnte ' a Pr " Si0n dC g0nflage ' *™ P rovo " ue ' 'Mansion radia.c 
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Tome la preforme vient alors s'appliquer intimcmcnt centre la paroi du 
puits C. en rccouvrant les pcrforaiions O. 

De maniere connuc. loui cn maintenant 1c manchon sous gonflage 
hydraulique, on provoque alors la polymerisation par cfTct Joule de la resine consiituant 
5 la preforme, par alimentation eiectrique des Tils chauffants prtvus dans le manchon. 

A I 'issue de la polymerisation, on degonfle le manchon 9, qui sc separc de 
la preforme durcie - devenue lubagc 8* - par rupture des manchettcs 93 (figure 14). 

On effectue ensuitc une nouvelle traction C f sur la uge 13. laquelle est 
toujours solidaire de la douille 4 et du founreau ouvert 6* ainsi que. par I 'imermediaire du 
10 cable tendu 50. sur I , ouullage 3 el le manchon degonfie 9 (voir figure 15). 

L'enscmble peut lire ainsi retire du puits. 

Dirfercntes formes de fourreaux rigidificateurs amovibles pourraient etre 
prevues ; ce founreau doit etre d'unc bonne rigidite* longitudinale tout en possedant la 
souplesse necessaire a son passage dans un sas non rectiligne. li do:, s Wrk faciiuneat 
15 pour libdrer la preTorme et son epaisseur doit etre faiblc pour limiter son encombrement 
radial. 

Par ailleurs il doit pouvoir se refermer lors de son passage a travcrs les 
restrictions R en vue de son enlevement, grace a une forme appropriee, par exemple 
legeremcnt conique. 

20 Le diametre et Tapu tude a la dilatation radiale de la prcfomie et, correlative- 

ment, du fourreau seront choisis en fonction des conditions reellcmcnt rencontrees. et en 
particulier du diametre de la zone de puits a tuber. A titre indicatif. et non limitatif. la 
dimension diarndtrale D 0 de la preTorme a retat replie pourra etre de lordre de 60 a 
100mm. son diametre Di "mis au rond" sera de Tordre de 90 a 150mm. el son diametre 

25 D 2 a 1 *etat expanse sera de I *ordre de 170 a 220mm. 

La technique qui fail Tobjet de la presente invention s'applique avantageu- 
sement a une preforme souple a la fois depliable et radialement expansible ; on ne sortirait 
loutefois pas du cadre de Invention en Tappltquani a des preformes simplcment 
depliables. mais non cxtensibles telles que celles decrites par exemple dans les documents 

30 FR-A-2 662 207 el FR-A-2 668 24 1 deja cites. 

La polymerisation de la preforme n'est pas obiigatouemem faitc par effel 
Joule. Elle pourrait 6tre obtenue par d'autres moyens de chauffage. cn particulier par 
introduction d'un liquide chaud dans la preforme. ce Itquidc pouvant du reste etre le 
meme que celui qui sen a la gortfler. 

35 La portion d'extremite iibre de la preforme. destinee a reaiiser son ancrage 

initial, pourrait avoir une deformabilite plus grande que le reste de sa paroi, par exemple 
par adoption dune epaisseur de paroi plus faible ou du choix d'unc maticre differente. 
Ceci permettrait de s'aff ranchir des liens de contenuon donl il a et<> foit pais ham 
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REVENPICATIONS 



15 



) 



1 • Proced* pour tuber un puits. noumment un puits de forage petrolier 
ou une ca„aJ,sation. au moyen d'une preforme tubulaire souple. durcissable in sj tu se , 0 „ 
leque, on introdui, la preforme dans le puits ou .a canalisation a .'eta, longi,^~, cnicm 
repl.e. pu.s - lorsqu'elle y a 6« correctement positionnee - on la dcplie par gonflage 
> hydrauhque pour lui donner une forme sensiblcmcn, cylindrique. on .'applique comrc la 
paro, du puits ou de .a canalisation e, on provoque le durctssemen, de sa paj, cauterise 
par le fat qu avan, d'imroduire la prefonne (8) dans le puits ou «a canalisation on 
.nsere dans un fourreau amovible (6). qui est rigide ou scmi-rigide en direction 
longuudma.e. mais es, doable radialemen, et qu'on me, en p!ace dans le put ^a 
canahsanon la preforme (8, contenue dans son fourreau (6). ce demier etan, ensui.e 
separe de la preTorme (8) et retire du puits ou de la canalisation. 

f» , </' ^^ W,arWend ^ , -^riseparle, a ,cquela 1> rtionne 
8) es, .nseree paruellemen, dans le fourreau (6) de telle sorte que son eremite hbre 
ressorte de celui-ci sur unecertaine longueur(Lo). 

3 . Procedc selon la revendication 2. caractcrise par le fait que dans un 
prcm.er temps on depl.e radialemen, uniquement ,a portion de preforme qui depasse du 
fourreau (6). et on . 'applique contre ,a paroi du puits ou de la canalisation, pour ob.enir 
une zone d ancrage. apres quoi on ex«rai, le founeau (6) par tracuon (G) vers Farriere. 

4 . Procedc selon Tune des revendicauons 1 a 3. caracterise par le fait 
qu on uuhse une preforme (8, qui. apres depliemen, radial, e, mise en forme cvlindnque 
est expansible rad.alement par gonflage hydraulique. ' ' 

„ ri „ , :V*^ ddsclonlarevc ^^ 

sa .o„ de la preforme (8) par rappon au fourreau (6) s'opere par suite du depigment 
rad.a. de la poruon de ,a preforme contenue dans le fourreau (6). apr* quoi s operent 

preZe Cn,emranaChe,nCntdU " Mte **** * 

6. Dispositir pour tuber un puits. notamment un puits de forage petrolier 
OU une canalisation au moyen d'une preforme tubulaire souple. don, fa JJS 
•hcrmodurossable msitu. ce„ c pr6foimt etant ^ ^ ^ 

press,o„ hydraulique i„,eme entre un eta, replie longitudinalement et un eta, dcplie 
scns.b.ementcvlindnque.carac^rise par lefai.qu'i. compone un equipemcn, (2) de pose 
dc la preforme (8). monte a I'cx.remi tf d une tige de commande .ubulaire ( ,3) des,i„ee a 
eue mtrodu.te dans , c puits (P) ou ^ Ja ^ 
cqmpementcomprenant: i_j.ee. 
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a) un outillagc dc pose ct dc conUdle (3) portanl la preTorme (8), apic a 
fournir a celle-ci Ic fluidc hydrauliquc sous pression necessaire a son ddpliemeni. ci 
I 'energie therm ique necessaire au durcissemcnl de sa paroi ; 

b) un fourreau amovible (6) solidaire de I'cxlrtmile' de la tige (13), a 
5 Tinterieur duquel est enserree au moins partiellement la preTorme (8), el qui esi rigide ou 

semi-rigide en direction longitudinals mais est deTormable radialement de sorte qu*il peut 
fclre retire* dc la preTorme (8) lorsque celle-ci se irouve a I *&at deplie\ 

7 • Dispositif selon la revendication 6, caractensC par le fait que ledii 
fourreau amovible (6) est un tube fendu. apte a s'ouvrir pour libercr la preTorme (8) au 

10 cours de son dlpliemenL 

8 . Dispositif selon Tune des revendications 6 ou 7, caracufrise* par Ic fail 
que la preTorme (8) est solidaire d'un manchon inteneur arrachable. radialement 
expansible, (9), a rinlCricur duquel est introduit Ic liquide hydraulique fourni par 
I'outiilagc de tubage (3) el servant a de*plier la preTorme (8), ce manchon -9) cani 

15 degonfle' et s^pard de la preTorme (8) en fin d w ope*ration, puis retire* du puils ou de la 
canalisation en meme lemps que Poutillage (3) et le fourreau (6). 

9 . Dispositif selon 1'une des revendications 6 a 8, caracterise par Ic fait 
que la preTorme (8) est thermodurcissable, son chauffagc extant realise^ par effet Joule par 
rintermediaire d'un cable Clectrique deTormable (50), cc dernier ettnt stocke sous un 

20 faiblc encombrcment dans unc douillc (4) qui est interposec entre I'extre'mitl dc la tigc dc 
commande ( 13) et routillagc (3) et est solidaire dudit fourreau amovible (6). 

10. Dispositif selon la revendication 9, caractense* par le fait que ledit 
cable (50) a une longueur sensiblement egale a cclle dc la preTorme (8*) mise en place. 

.11. Dispositif selon la revendication 10, caracteTise par le fait que la 
25 preTorme (8) est depliablc et radialement extensible. 

1 2. Dispositif selon la revendication 1 1, caractens* par le fail que la 
preTorme (8) comprend un tressagc de meches sou pics (700) s'entrecroisam avee un 
certain jcu, de telle sorte qu'clle peut s Vxpanser radialement tout en sc restreignant en 
direction axiale. le matcTiau constitutif de la preTorme Ctant une resinc (82) polymeri sable 
30 a chaud, dans laquelle est noye ledit tressagc (700). 

1 3i Dispositif selon les revendications 8 a 12 prises en combinaison. 
caracterise par le fait que ledit manchon (9) comprend Cgalemcnt un tressage de meches 
souples cntrccroise"es (700) aptcs a s'expanser radialement tout en se restreignant en 
direction axialCi et qui sont cmprisonnCes cntrc des peaux interieure (90) et exterieure 
35 (91) souples. cc names desdites meches dtant rcmplacees par des fils cpnducteurs 
d 'elcctricite* aptes a chauffer la preTorme par effet Joule, qui sont connected C leciriquemem 
audit cable (50). 
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METHOD AND DEVICE FOR CASING A WELL 
PARTICULARLY AN OIL WELL BORE OR A PIPE 
USING AN IN SITU CURABLE FLEXIBLE TUBULAR PREFORM 



The present invention concerns a method for casing a well, particularly an oil well bore or 
a pipe, such as a gas pipeline or an oil pipe line for example, using a flexible tubular preform that 
is curable in situ, for example by thermosetting. 

The invention also concerns a device that enables this method to be implemented. 
In the present description and in the claims, the term "casing" will be understood as being 
the action of strengthening a well, or a pipe, particularly for repairing it. and by lining the wall of a 
rigid tube, also called lining or cured-in-place pipe. 

The term "preform" is understood as being a tubular structure that is initially flexible and 
deformable which, once placed in the area of the well to be strengthened, is made cylindrical in 
shape, applied against the wall of the well or pipe, then hardened so that it binds closelv to and 
remains on said wall, thus comprising the lining or cured-in-place pipe. 

For casing an oil well bore, as well as for similar applications, flexible curable preforms 
have already been proposed that are intended to be installed when longitudinally folded - a 
condition in which they take up a small amount of space radially - then are radially unfolded by 
application of an internal hydraulic inflation. According to this technique, which in particular is 
described in the documents FR-A-2 662 207 and FR-A-2 668 241. the preform has a strictly 
cylmdncal shape of specifically determined diameter after being radially unfolded (or deployed). 

Another known type of preform, which is the subject of the international patent application 
WO-94/25655. in the name of the applicant, has a tubular structure of braided flexible strands 
composed of fibers, which are interlaced with a certain spacing so that the structure can be 
expanded radially while being restricted in the axial direction by the effect of the application of an 
overpressure inside the preform. 

Thus, the expansion of the preform can be done in two successive stages first by 
unfoldmg. then by radial expansion. In this way a degree of expansion is achieved that is clearly 
greater than those obtained with the above-mentioned flexible preforms, which allows the preform 
to be inserted into the well to be cased, and to take it to the desired ar«a 



WO 96/21 083 PCT/FR95/01 651 

2 

by making it pass through small openings, for example rigid conduits already in place in the well 
and that have a smaller inside diameter. 

This known technique is very attractive in that it makes it possible to plug holes that 
appear in a production well, without having to withdraw the casing already in place, and 
. 5 consequently without "killing the well." 

However, there are difficulties in implementing this technique when the well is highly 
deviated, that is, it has an axis forming a sharp angle to the vertical, and can even be horizontal 

Indeed, when the well is vertical, or appreciably vertical, the preform is naturally 
rectilinear (under the effect of gravity) and it descends steadily down the well while it is being 
10 installed. However, it risks being damaged by friction against the walls of the well or from the 
various restrictions found in the passage. 

Moreover, if the well is deviated or has elbows, the preform is deformed because of its 
flexibility, and it is positioned incorrectly in the axis of the well, which causes friction and even risk 
of blockage when it is being sunk. 
15 The installation of a preform in a highly deviated or horizontal we!! is therefore awkward., 

and even impossible in certain configurations. 

The invention intends to solve this problem by proposing a method and device for casing 
a well or a pipe, using an in situ curable flexible tubular preform that can also be applied with no 
problem to non-vertical wells or pipes or those that have an interior surface that could risk 
20 damaging the preform. 

As with known methods, the preform is inserted into the well or pipe in the longitudinally 
folded condition. Then, when it has been properly positioned, it is inflated hydraulically to give it 
an appreciably cylindrical form, it is applied against the wall of the well or the pipe, and its wall is 
cured. 

25 The method according to the invention is notable in that, prior to inserting the preform into 

the well or pipe, it is inserted (temporarily) into a removable sleeve that is rigid or semi-rigid in the 
longitudinal direction, but is radially deformable, and the preform contained in its sleeve is placed 
inside the well or pipe, said sleeve then, during the operation, being separated from the preform, 
and at the end of the operation, being removed from the well or pipe. 

30 The preform is therefore enclosed in the sleeve during the entire phase of the descent 

into the well or pipe. Thus, this descent is done without difficulty, even if the well or pipe is nigh.y 
deviated, or even 
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horizontal, or has a wall surface that risks ruining the preform. Preferably, the sleeve has a 
certain flexibility that enables it to follow curved or elbowed routes. 

In one preferential mode of the method, the preform is partially inserted into the sleeve so 
that its free end emerges from the sleeve a certain distance. 

In this case, at first only the portion of preform protruding from the sleeve is radially 
unfolded and applied against the wall of the well or pipe to obtain an anchoring area, after which 
the sleeve is extracted by drawing it back (that is. toward the well head). 

This method applies particularty well to a preform which, after being radially unfolded and 
given a cylindrical shape, is radially expandable by hydraulic inflation. 

In this case, the separation of the preform from the sleeve is performed advantageously 
after the radial unfolding of the portion of the preform contained in the sleeve, after which the 
withdrawal of the sleeve and the radial expansion of this same portion are performed 
successively. 

The invention also concerns a device for casing a well, particularly an oil well bore or a 
1 5 pipe, using a flexible tubular preform, the wall of which is thermosetting in site , this profcm being 
radially deformable under the effect of internal hydraulic pressure between a longitudinally folded 
condition and an appreciably cylindrical unfolded condition. 

This device is notable in that it has equipment for installing the preform, mounted at the 
end of a tubular control shaft intended to be inserted into the well or the pipe from a wellhead, this 
20 equipment being composed of: 

a) an installation and control tool carrying the preform, suitable for providing the preform 
with the pressurized hydraulic fluid needed for its unfolding, and when applicable, its radial 
expansion, as well as the thermal energy needed for the thermosetting of its wall; 

b) a removable sleeve integral with the end of the shaft, inside which the preform is at 
least partially confined, and which is rigid or semi-rigid in the longitudinal direction, but is radially 
deformable so that it can be withdrawn from the preform when the latter is in its unfolded 
condition. 



25 



30 



Moreover, according a number of additional advantageous, non-limiting characteristics of 
the invention: 

- the removable sleeve is a split tube, capable of opening to release the preform during 
its unfolding; 
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- the preform is integral with an interior extractable sleeve tube, radially expandable by 
hydraulic inflation, inside which is introduced the hydraulic liquid furnished by the installing and 
control tool and serving to unfold the preform, this sleeve tube being deflated and separated from 
the preform at the end of the operation, then removed from the well or pipe at the same time as 
the tool and the sleeve; 

- the preform is thermosetting and is heated by the Joule effect, by means of a 
deformable electrical cable that is stored in a small space in a shell that is interposed between the 
end of the control shaft and the tool and is integral with said removable sleeve; 

- this cable has a length that is appreciably equal to that of the installed preform; 

- the preform is unfoldable and radially extendable; 

- the preform has a braiding of flexible strands that are interlaced with a certain spacing, 
in such way that the preform can be radially expanded while being restricted in the axial direction, 
the material comprising the preform being a heat-curable resin in which said braiding is 
embedded; 

~ the extractable interior sleeve tube, radially expandable, also (like the preform) ta 3 * 
braiding of interlaced flexible strands that can be radially expanded while being restricted in the 
axial direction, and which are enclosed between flexible interior and exterior skins, some of said 
strands being replaced by electrical conducting wires - that can heat the preform by the Joule 
effect - which are electrically connected to said cable. 

Other characteristics and advantages of the invention will appear from the description 
and the attached drawings that represent a preferential embodiment thereof. 

In the Figures: 

- Figure 1 is an overall diagrammatic view of a casing installation implementing the 
method of the invention; 

- Figure 2 is an overall view, in partial cross section, of the equipment for installing the 
preform; 

- Figure 3 represents a braiding of interlaced flexible strands that comprise the structure 
of the preform and of the sleeve tube that is used for the expansion of the preform; 

- Figure 4 is a diagrammatic transverse cross section of the sleeve tube and of the 
preform in the longitudinally folded condition; 

- Figure 4A is a similar view to Figure 4, representing the assembly in the unfolded 
condition; 
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- Figure 4B is a view similar to Figures 4 and 4A, representing the assembly in the 
unfolded and radially expanded condition; 

- Figure 5 is a diagrammatic view, in longitudinal cross section, of the assembly 
composed of the preform and its extractable interior sleeve tube; 

- Figure 6 is a larger scale detail of the area of the wall of the preform and of the sleeve 
tube that is referenced as VI in Figure 5; 

- Figures 7. 8, 9, 10, 12, 13, 14 and 15 are diagrammatic views similar to Figure 2, 
intended to illustrate the different successive stages of the installation of a casing in an oil well 
bore according to the invention, by means of the installation of Figure 1; 

- Figures 11 and 11A are transverse cross sections corresponding respectively to the 
cross section plane XI of Figure 7 and XIA of Figure 10. these views being intended to illustrate 
the way in which the preform is separated from its sleeve when it changes from the folded 
condition to the cylindrical condition. 

In Figure 1, the reference P designates the wall of an oil well bore, one section C of 
which must be cased; the wall C is for example a perforated bore. To access it the rel iction R 
must be passed through. 

The installation of casing, generally designated by reference 1. includes in a known way 
a wellhead 12. a flexible tubular control shaft 13 having an interior electrical cable, a guide sleeve 
tube 1 1 for this shaft, and a device 10 used to push the shaft 13 into the guide sleeve tube 1 1 and 
into the well P. 

The free end of the control shaft 13 is provided with preform installing equipment, 
referenced 2. This equipment is composed essentially of a cylindrical shell 4 attached to the free 
end of the shaft 13. a stiffener sleeve 6 coaxial to the shell 4 and integral therewith, an installation 
and control tool 3 housed in the sleeve and attached to the shell 4. and a flexible preform 8 
intended to be installed in the well in order to strengthen it. 

The preform 8 is earned by an extractable interior expander sleeve tube 9. which the 
preform encloses, as is already known by WO-94/25655 as cited above and as will be described 
further on in reference particularly to Figures 5 and 6. The preform interior sleeve tube 9 
assembly, initially coherent, is referenced as 7. " 

The assembly 7 is enclosed in the sleeve 6 and held therein by friction. This friction also 
holds the tool 3, which is applied by its rear face against the shell 4. 

This assembly 7 is closed at its ends by plugs 92. The plug 92 oriented toward the rear, 
that is toward the wellhead, has a 
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conduit 30 passing through it which is connected to the tool 3. This tool has means capable of 
forcing back inside the sleeve tube, via the conduit 30. a pressurized fluid supplied to the device 
from the surface, that is. from the wellhead 12 by means of the tubular control shaft 13. or by 
pumping the liquid from the well by a pumping device contained in the tool 3. 

Moreover, the facility has an electric cable 5 which passes into the tubular shaft 13 and is 
electrically connected to the tool 3 by a flexible cable 50. The latter is wound or folded so that it 
takes up little space, and it is housed in a cavity formed in the shell 4. 

The cables 5 and 50 are used to supply electricity, via the tool 3, to the preform - interior 
expander sleeve tube assembly, in order to generate by the Joule effect the heat required for 
curing the wall of the preform, as will be explained further on. as well as to furnish the pumping 
energy for the tool 3 and to supply all of the necessary control systems equipping this tool. 

Of course, the electrical current is supplied from the surface, by a generator situated 
outside the well, connected to the cable 5 after it exits the device 10. 

As can be seen in Figure 2. the assembly 7 composed of the sleeve tube 9 and the 
preform 8, is not completely inserted inside the sleeve 6. 

The reference 71 designates the portion of this assembly that is located inside the sleeve, 
and reference 70 designates the portion that protrudes outside the sleeve. 

The external part has a length Lo that is appreciably smaller than the length L, of the 
interior part 71. In that respect, it should be noted that this part 71 has been artificially 
foreshortened in the drawing (Figure 2), in order not to affect the legibility. 

By way of example, the length U is on the order of 1 meter, the length L, on the order of 
10 to 30 meters, and the length L 2 . which corresponds to the rest of the equipment (shell 4 and 
tool 3), on the order of 4 meters. 

As can be seen in Figure 1 1. the sleeve 6 is a cylindrical tubular jacket that is split, that is, 
not completely closed. This jacket, which for example can be made from metal or plastic, has a 
certain longitudinal rigidity, but is easily deformable radially in the direction of its opening, as can 
be easily understood by comparing the Figures 1 1 and 1 1 A. 

In one variation, the edges facing the split of the jacket can be joined by fasteners that 
can break easily when a certain threshold of internal pressure is exceeded. 
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Preferably, the jacket is relatively flexible, thus allowing it to follow non-rectilinear paths 
(elbows and curves) by lateral deformation, while still advantageously stiffening the assembly 7 in 
the axial direction. 

In the example illustrated in Figures 3 to 6. the preform 8 and the interior sleeve tube 9 
both have a similar structure, composed of braided flexible interfaced strands as described in the 
above-mentioned document WO-94/25655. 

If needed, reference can be made to this publication, which shall be considered to make 
up part of this description by interpretation of Article L.612-5, 1st paragraph, of the Intellectual 
Property Code. 

It will be seen, in referring to Figure 3. that the flexible strands are distributed in two 
interlaced series 700a and 700b. forming a deformable tubular structure. 

The structure can be folded longitudinally, then - under the effect of an internal pressure 
- "made round." that is, formed into a cylinder by unfolding. 

If it is then subjected to a higher internal pressure, a relative displacement is observed of 
both series of strands, which simultaneously results in a t*M ^pension and ?ongi>udin*i 
shortening of the structure. 

The flexible strands are formed from fibers having good mechanical tensile strength, for 
example carbon or glass fibers, and they act as deformable reinforcement for the preform and/or 
for the preform's expander sleeve tube. 

Figures 4, 4A and 4B represent respectively the assembly 7 in the longitudinally folded 
condition in order to have a small transverse dimension, this same assembly - referenced T - 
made round with diameter D„ and finally this same assembly - referenced 7" - in the radially 
expanded condition with diameter D 2 appreciably greater than D, . 

The diameter and the radial expandability of the preform are chosen so that D, 
25 corresponds to the diameter of the area to be cased. 

As Figures 5 and 6 show, the flexible tubular preform 8 has a wall 82. made of a material 
that is initially fluid, in which braided concentric tubular structures 700 are embedded. The fluid 
material is a synthetic resin that is thermosetting by the heat-cure method. The preform is 
provided with an external skin 80 having an exterior face furnished with depressions 801 and 
reliefs 802 which promote its anchoring against the wall of the well and improve the seal. 

The extractable interior sleeve tube 9, which is called "matrix" in the above-mentioned 
WO-94/25655. has an interior skin 91 and an exterior skin 90. both of which are made of a 
flex.ble and elastic material, between which the braided deformable structure 700 is located The 
.nterface between the external skin of the sleeve tube and the interior wall 91 of the preform 8 
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is treated, for example by coating with silicone, so that there is little adherence between these two 
parts. 

The preform 8 closely surrounds the internal sleeve tube 9 which, as already mentioned, 
is sealably closed at both ends by plugs 92. The sleeve tube 9 is attached to the preform 8 by 
5 means of end collars 93. which have weakened areas 94 that can break easily. The introduction 
of a hydraulic fluid into the sleeve tube in order to inflate it - and correctively to inflate the 
preform - is accomplished, as was already mentioned, by tubing 30 the end of which opens into 
the sleeve tube and one or more fluid passage openings 300. 

The tool 3 has one or more suitable valves that can be controlled from the surface. 
10 making it possible to inflate and deflate the sleeve tube by controlling the pressure during the 
operation, or a pumping device performing the same function by means of the well liquid. 

Some of the strands 700 of the sleeve tube are replaced by electrical conductors (heating 
wires) electrically connected to the cable 50. Thus, the heating of the internal sleeve tube, and 
correlatively of the preform, can also be controlled from the surface by electrical supply of the 
5 cables 5 and 50. 

We shall now describe an operation to install the preform 8 in a section C of the well. 

The assembly 7 formed by the preform and the sleeve tube is in the longitudinally folded 
condition, as represented in Figures 4 and 11. In this condition, it represents a cylinder with a 
diameter D 0 that appreciably corresponds to the inside diameter of the split jacket 6 (see Figure 
11). 

This diameter D„ is smaller than the diameter of the different conduits or other 
restrictions R located in the well, behind the area to be cased. 

As was already mentioned, only one part of the reduced length, in this instance the 
part 70. of the assembly 7 protrudes from the sleeve 6. As a result, the preform is supported for 
most of its length and it has (with its sleeve) sufficient rigidity to allow it to progress steadily inside 
the well, even if the well is totally or partially deviated. 

The installation head 2. and the preform, are therefore going to be pushed by the control 
shaft 13 in the well, pushing in progressively as symbolized by the arrow F in Figures 7 and 8. 
The hollow shaft 13. preferably of steel, has good axial rigidity which allows it to push the head 2 
in the well with no problem. However, it is sufficiently flexible to follow the elbows or other curves 
of the well. 

The wall of the well or pipe C has a certain area of perforations, or other openings O. that 
are to be covered by the casing, that is, the cured preform. 

The pushing of the head 2 into the well is stopped when the protruding part 70 reaches 
just beyond the openings O. which position corresponds to the one illustrated in Figure 8. 

Appropriate means of control, known in the art. are provided in order to accomplish this 
proper positioning. 
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By internal hydraulic inflation, the protruding part 70. and only this part, is first rounded 
out, then radially expanded to the diameter D 2 . which corresponds to the inside diameter of the 
well. 

Different means can be provided in order for the unfolding and radial expansion to be 
accomplished first on the portion 70. 

Thus, for example, it is possible to enclose the part 71 by ring-shaped ties the 
mechanical strength of which is sufficient to prevent the unfolding of this portion under the action 
of a moderate internal pressure, but still sufficient to cause the deformation of the free portion 70. 

Thus an anchoring is obtained of the portion 70 against the wall of the well, in front of the 
perforations O (see Figure 9). 

Increasing the inflation pressure causes the breakage of the ring-shaped ties that contain 
the portion 71. Thus, a radial unfolding and rounding of the preform portion 71 is achieved, which 
has a diameter D, (see Figure 10). 

Following this unfolding, the split sleeve 6 opens and takes a generally U-shaped 
configuration, referenced as 6' in Figure 1 1 A. 

It remains integral, by its rear extremity, with the shell 4. 

In this configuration, the sleeve is easily extractable and can slide on the rounded 
preform by pulling it backwards. This pulling, symbolized by the arrow G in Figure 12. is 
accompanied by placing the part 50 of the cable under tension. 

The complete tensioning of the cable 50 corresponds to the complete withdrawal of the 
sleeve, the length of the cable being chosen to correspond to the length of the casing. The 
withdrawal is done easily because the preform is anchored in the well. 

Once the deformed sleeve 6' has been completely removed from the preform the 
•flatten pressure is increased to cause the complete radial expansion of the assembly 7 which 
assumes the diameter D 2 (Figure 13). while becoming shorter axially. 
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The whole of the preform is then applied closely against the wall of the well C, covering 
the perforations O. 

In a known way, while maintaining the sleeve tube under hydraulic inflation, the Joule 
effect is used to cure the resin the preform is made of, by supplying electricity to the heating wires 
provided in the sleeve tube. 

Upon completion of the curing, the sleeve tube 9 is deflated and separated from the 
hardened preform - which has become casing 8' - by breaking the collars 93 (Figure 14). 

New tension G* is then placed on the shaft 13, which is always integral with the shell 4 
and the open sleeve 6' so that by means of the tightened cable 50 on the tool 3 and the deflated 
sleeve tube 9 (see Figure 15). 

The assembly can thus be removed from the well. 

Different forms of removable stiffener sleeves could be provided; this sleeve should have 
good longitudinal rigidity while having the necessary flexibility for passing through a non- 
rectilinear chamber. It must open easily to release the preform, and its thickness must be small to 
limit the amount of radial space it requires. 

Moreover, it must be able to close up during its passage through the restrictions R in 
order to remove them, due to an appropriate shape, for example slightly conical. 

The diameter and the suitability for radial expansion of the preform, and correlatively of 
the sleeve, will be chosen based on the conditions actually encountered, and in particular on the 
diameter of the area of the well to be cased. By way of non-limiting example/the diameter D 0 of 
the preform when folded may be on the order of 60 to 100 mm, its "rounded" diameter D 1 will be 
on the order of 90 to 150 mm, and its expanded diameter D 2 will be on the order of 170 to 220 
mm. 

The technique covered by the present invention is applied advantageously to a flexible 
preform that can be both unfolded and radially expanded; however, it would not be beyond the 
scope of the invention to apply it to preforms that can simply be unfolded but can not be 
expanded, such as those described, for example, in the above-mentioned documents 
FR-A-2 662 207 and FR-A-2 668 241 . 

The curing of the preform is not necessarily done by the Joule effect. This could be 
achieved by other heating means, in particularly by introducing a hot liquid into the preform. This 
liquid could be the remainder of the liquid used to inflate. 

The portion of the free end of the preform, intended to provide for its initial anchoring, 
could have a greater deformability than the rest of its wall, for example by adopting a lesser wall 
thickness or choosing a different material. This would make it possible to release the ties 
mentioned above. 
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CLAIMS 

1. Method for casing a well, particularly an oil well bore or a pipe, using an in situ curable 
flexible tubular preform, according to which the preform is introduced into the well or pipe in the 
longitudinally folded condition, then - when it has been property positioned - it is inflated 
hydraulically to give it an appreciably cylindrical form, it is applied against the wall of the well or 
the pipe, and its wall is cured, characterized by the fact that prior to inserting the preform (8) into 
the well or the pipe, it is inserted into a removable sleeve (6) that is rigid or semi-rigid in the 
longitudinal direction but is radially deformable. and the preform (8) contained in its sleeve (6) is 
placed inside the well or pipe, said sleeve (6) then being separated from the preform (8). and 
removed from the well or pipe. 

2. Method according to claim 1, characterized by the fact that the preform (8) is partially 
inserted into the sleeve (6) so that its free end emerges therefrom a certain distance (U). 

3. Method according to claim 2, characterized by the fact that at first only the portion of 
preform protruding from the sleeve (6) is radially unfolded and applied against the wall of the well 
or pipe to obtain an anchoring area, after which the sleeve (6) is extracted by drawing p> it back. 

4. Method according to any of claims 1 to 3. characterized by the fact that a preform (8) is 
used that, after being radially unfolded and given a cylindrical shape, is radially expandable by 
hydraulic inflation. 

5. Method according to claim 4. characterized by the fact that the separation of the 
preform (8) from the sleeve (6) is performed after the radial unfolding of the portion of the preform 
contained in the sleeve (6). after which the stripping of the sleeve (6) and the radial expansion of 
this same portion of the preform are performed successively. 

6. Device for casing a well, particularly an oil well bore or a pipe using a flexible tubular 
preform the wall of which is thermosetting insitu. this preform being radially deformable under the 
effect of internal hydraulic pressure between a longitudinally folded condition and an appreciably 
cylindrical unfolded condition, characterized by the fact that it has equipment (2) for installing the 
preform (8). mounted at the end of a tubular control shaft (13) intended to be inserted into the well 
(P) or the pipe from a wellhead (12). this equipment being composed of: 
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a) an installation and control tool (3) carrying the preform (8). suitable for providing the 
preform with the pressurized hydraulic fluid needed for its unfolding and the thermal energy 
needed for the thermosetting of its wall; 

b) a removable sleeve (6) integral with the end of the shaft (13). inside which the preform 
(8) is at least partially confined, and which is rigid or semi-rigid in the longitudinal direction, but is 
radially deformable so that it can be withdrawn from the preform (8) when the latter is in its 
unfolded condition. 

7. Device according to claim 6, characterized by the fact that the removable sleeve (6) is 
a split tube, capable of opening to release the preform (8) during its unfolding. 

8. Device according to either of claims 6 or 7, characterized by the fact that the preform 
(8) is integral with an interior extractable radially expandable sleeve tube (9). inside which is 
introduced the hydraulic liquid furnished by the casing tool (3) and serving to unfold the preform 
(8). this sleeve tube (9) being deflated and separated from the preform (8) at the end of the 
operation, then removed from the well or pipe at the same time as the tool (3) and the sleeve (6). 

9. Device according to any of claims 6 to 8. characterized by the fact that the preform (8) 
is thermosetting and is heated by the Joule effect, by means of a deformable electrical cable (50) 
that is stored in a small space in a shell (4) that is interposed between the end of the control shaft 
(13) and the tool (3) and is integral with said removable sleeve (6). 

10. Device according to claim 9, characterized by the fact that the cable (50) has a length 
that is appreciably equal to that of the installed preform (8'). 

11. Device according to claim 10. characterized by the fact that the preform (8) is 
unfoldable and radially extendable. 

12. Device according to claim 11. characterized by the fact that the preform (8) has a 
braiding (700) of flexible strands that are interlaced with a certain spacing, in such way that the 
preform (8) can be radially expanded while being restricted in the axial direction, the material 
comprising the preform being a heat-curable resin (82) in which said braiding (700) is embedded. 

13. Device according to claims 8 to 12 taken in combination, characterized by the fact 
that the said sleeve tube (9) also has a braiding (700) of interfaced flexible strands that can be 
radially expanded while being restricted in the axial direction, and which are enclosed between 
flexible interior (90). and exterior (91) skins, some of said strands being replaced by electrical 
conducting wires that can heat the preform by the Joule effect, which are electrically connected to 
said cable (50). 



[see original for figures] 
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